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invention is described in the following statement: 
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A METHOD OP FOgHiag , gig, , JumTMm . „^ 

Field of the Invention 

The pre..nt invention relate, to a diffractiva 

Crt t n e e^:oi tl0n / eVi0e - deVi ° e " ™ d * accordance 

th * are illuminated by , 

liSht source, they generate one or more images whic [ * 
observable within particular range, of viewing In^ee 
eround the device. Device, or embodiment, of tT 
invention may be used in a nu-b.r or different 
«PPlications and have particnlar application as anti- 

117' ' dWiCeS ° n 1D *— «*- a. driver, 

licenses, credit cerds, visas, passports and other 

valuable documents where secure identification of 

individual, is recuired in a way that is resistant to 

counterfeiting by printing, pbotocopying and co^Lr 

appilcatron as a low cost anti-counterfeiting device for 
the protection of banknotes, cheoues. credit carls and 

:.«if Lt:" trans " ti ~ a °™ — - 
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Background Art 



common general knowledge in the art. in Austral!. 

other country. Australia or any 

Th. new series of American Erpr.se us dollar traveller, 
chegues, first issusd in 1 997 , ^yed „ JZZ 

IZZT 1 !, £eatUre 1 i«g. of 

srrr z r z di^icto 1090 - r- - 

observed from dlf f er^ 1^^^^ 
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image appears to switch to an American Express box l ft 
image. This optical variability of the ZT 9 ° 
it is impossible to k ±CS ensure * that 

technics ^ ^ a0rmal « camera 
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grow ^xe„ of particular propri.tary optical 

Hungarian banknotaa. taarioau Harass us doU« l d „ 
travallara cneque. ana the Ukrainian viaa 17Z 

irr % = — — - = — - " 

, ' Th±S class of optically diffractive anti 

patent number EP 0 490 9?-* 
Bl and US patent number 5,428,479. PIXELGRam™ de 
manufactured by producing - ~ . devices are 

«t- M ,««. w producl *S a counterpart diffractive 

In apita of thair induatrial eff aetivanaaa thaaa full 
baaad diffractiva optically variable davicea Wa T 
Particular daf iciancy for low volume application, and , 
one-off applioationa racing aacura Tdan", i^ of 
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l ^ / r r" ent "~ teotoi W« «<» protecting an 

' P °r rait *— M ~ ID d — ' ™ 

orxgrnation of an OVD lm. ga specific to that individual 

covering the photograph of the person with a transparent 
OVB legate or !to or inducing a etano.ro OVD d 
the ID decent in an aoj.cant erea of the document. In 

ZLZZ T" Pr ° 0eSS *' T .-P«.lv. and Le 
consuming because of the need to produce a new OVD 

origination for each individual and then product hot 

staging foil ^ h y tossing tecb^gues. la the ~.t 

OS« 000 to US$ 50,000. depending on the technology type 

aoecir „™ 8eCUrlty rSqUlred ' — °* ^vtculf 

^le for T 9in,tlOM f " " «^-tl— ie not 
viable for cost reesons alone. 

Generally speaking, the high cost of OVD origination. 

onlTeuteVT ^ °* — — is 
Tt T" £ "° duoti °» »PPlications where the\:oet 

1 H ' ° 0<, ° b ° — »«*— °ver a large 

^ ere methods ^In^X^r^r^ 
OVD ordination cost over a foil production run for T 
-PPlxcatxcns. However, in these cases the transparent 

individual and therefore there is a risk that a substitute 

r~ iiranV 0 - 1 ! be - ty -Str 

anspsrent film and replacing the originel 
Photographic image by a substitute im.g e to allow . 
different individual the use of the ID document 

toother technique which has been develop * 

educations is known as Screen ^Z^Z^T^ 
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or it. micro-equivalent, t . deBerlbed ia 

in OS patent number s 374 07s . _ t aetail 
—„... „ ™ =-374,976 and by Sybrand Spannenberg 
in Chapter 8 of the book -Optical Document security, 

5 House rr n " <Mlt0r! RUd ° XPh « *~ ^ «b 

fit": T ■ " 98 ' Pa9e " " 9 -" S) • «**- technique, 

latent images are creator. W 4*.uj 

arranged. miniature ^StSTLl^T " P ™" 11 " 
, ■ Llne segments by modulating 

10 ^iformly immediate -^t^S ZT^T.-- 
macroscopically, a latent image i. observed when it " 
overlaid with en identlcel, non-modulatad pattel I I 
transparent substrate. 

15 As noted above, these .■ 

modulated array with the T ^ * 

corresponding unmodulated arrav 
or vxce versa, in order to reveal the latent image. 

The modulated and unmodulated arrays of fchi„ - k ■ 
20 usually produced by prints - *«*»±qM are 

tin. - ^ , Printing techniques. p or this reason 

this technique is not as secure as a a*** fcJ reason, 
because it la more easily ^ , 

seller scale mieroetruotures or a J f ~^ D ! h " " M ° l1 
!S Summary of th , T n^.„n„ 

in a first broad aspect, the invention relate, to a method 
generaT 9 " authentication device which 

» aceorl " ° PtiMllV ***** Which varies 

cZri " nala ° f ° b "~*"~. the method 

comprising the steps of 1 

providing e primary pattern which encodes a latent 

eZLrrr p " tem — - — ^ of 
.,11 —l™—:-'—- r:nr: 

to be observed when the primary end seen!" p^e^e 
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in at least one registration, wherein the secondary 
pattern is provided by a diffraction grating 

I'ffereTr 6 * ° f "«* ° f «~ 

different types of diffraction elements, and 

wherein the primary pattern is provided such that 

predetermined image elements of the primary pattern render 

dif fractxon effects from predetermined diffraction 

elements of the diffraction grating micros tructure 

optically ineffective at least at one observation angle 

when the authentication device is illuminated with a light 

source to thereby enable the latent image to be observed 

in some embodiments, the primary pattern is provided by 
being overlaid on the secondary pattern. 

in other embodiments, the primary pattern is provided by 
ablatxng the micros true ture . 

la still further embodiments, the primary pattern is 
provided by being printed on top of a background 
microstructure. This may either be by printing on a foil 
surface or by printing on a photosensitive layer. 

The two types of diffraction grating regions will 
typically be provided in a regular pattern. Typically 

t^r^LrT 18 PrOV±ded hY l~st iwo 

types of diffraction grating regions into either 

Pixellated or track-like diffraction grating regions. An 

ZTV 4 r Sllated di "" Cti - regions is a 

checkerboard pattern, where a plurality of two different 
types of diffraction grating regions are arranged in a 

ZHZTT S ° that ^ alte ™ te ««* of the 

horizontal and vertical axes. 

The method may include producing the diffraction grating 
^restructure by electron beam lithography or laser be! 
interference fabrication techniques. 
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iron these pre-selected regions are either 
> elisdnated or greatly reduce* In terms of th.THn.it . 
the diffracted ll ght from these regions LZ^ Z Z 
other regions of the diffraction grating micro.^"^. 

m an embodiment, where the primary „„ m . 

second pit JTL^Jnrsr: sub8 : rate - *** th ° 

diffractive Optical vLi^T^cT (O^T ^^tT* 
involves aligning the MDI ph™ * method 

Secondary patLr^ ^ P * fct ™ W±th the OVD 

aary pattern xn correct register such that the im*^ 

elements of the latent- < m9 c cne lma 9 Q 

Dattftrn . " atent image encoded in the Primary 

not b« i„ amenta. The Image elements may or may 

"sual llT Perl0dl °- «» different 

.nToes r either be di£f - rMt ~ iou - - ««— 

In this embodiment, the OTO foil may be eno 0 „„„ , 

— e T erle optical va — ^ - - 

overlay primary pattern is encoded with im*^ < 7 
specific to a particular latent iLll "formation 

- Aacent image xn such a wav f„ a *. 

the latent image disappears upon delamination of the fll 
from the document. Thin ° ° f the film 

OQ „ 4 _ iills technique greatly enhances ID 

security over present OVD lamination , 
neither the OV, foil nor ^ 

open to modification using current phoIographL or 
printing techniques. P or 
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In embodiments of the invention where the primary pattern 
la provided by ablation, the primary pattern is directly 
incorporated into the OVD foil by laser or other ablation 
of the diffraction grating micros true ture at selected 
locations within the OVD area determined by the primary 
pattern. This implementation of the invention improves 
both the durability and security of the ID image as there 
is no possibility of erasing the encoded image information 
from the surface of the foil. 



In an embodiment of the invention where the primary 
pattern is printed, the primary pattern encoded image 
information is directly printed on top of the generic OVD 
foil thereby providing increased security by preventing 
15 reverse engineering of the foil and overlay screen 
interface by delamination. 

In a still further alternative embodiment of the invention 
the encoded image information is made a part of the OVD 
20 foil by incorporation of a photosensitive polymer layer 
above the metallised secondary pattern in the mass- 
produced foil. The primary pattern is then printed, on a 
one-off basis, by selective irradiation of the 
photosensitive layer. 

25 

A number of techniques may be used to produce appropriate 
primary and secondary patterns. These techniques share 
the feature of producing a modulated array of image 
elements which encodes a latent image (the "primary" 

30 pattern) and a corresponding unmodulated array of image 
elements (the "secondary" pattern) which will decode the 
latent image when in register with the unmodulated array. 
As both the modulated and unmodulated arrays are divided 
into a plurality of discrete image elements, it is 

35 appropriate to refer to the modulated and unmodulated 
arrays as "digital" images. Accordingly, techniques of 
this type are collectively referred to herein as 
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5 A PHASEgram is described in Australian Provisional nat. . 
appiciation no. 20 0 2S5222 0 enticed .M. t nJ 0 ^ ^ " 
Latent Image", filed 23 Oct 2002 t« -ui a. a. aing a 
^ is encoded within a loe."y p.^" ££££ " 
selectively .odulating the periodicity of X HZ 
10 When overlaid upon or overlaid with tne ordinal pact' 
on a transparent snbstrate. the latent P OI ° 

-Was o £ its native hao-ses^sL". ZZZT 
depending on the exactness of the registration. 

15 A BINAGRAM ie described in A U «f«n 

application no. 2 003 9 . 28 ^ ZlllTZlZTT 

latent Xmage-. file* 4 ^ "•*° d ° £ a 

1-age is divided into pa", of ^a ! an 
«>.<.>. . pairs of adjacent or nearby nijtel« 

which may be locally periodic or not. One of «, 7 , 
20 in each j. .1. . o£ tha Pixels 

oL!, "lectively modulated to the 

oonplementary grayscale or colour characteristic » 
over aid upon or overlaid with an e^ivaW^^ 
pattern on a transparent substrate, the latent l»ag. or 

^icIltTen 1 :; r d deflned ta thiS —"""on 
30 or imacet t h " ^"^'"es a latent i^ge 

pattern is overlaid upon the corresponding Secondly 
pattern in the for* of an OVB in e^odlments of Z 

pattern will be rectangular and hence its im a „« T 
»ill be organised in a rectangular array" . t^TS" 
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image elements may be' arranged in other ways. n™. 
elements win typically be arrayaa la . 

such as alternating down one column or one row. since thl. 

with": L COndary Pattra t0 bB — registered 

with the Priory pattern in overlay. However random or 

scrambled arrangements of image elements may be used. 

used^n ! Pe0l£1Catl0 »' "» "™ Secondary pattern" is 
used in two contexts, cither describing a pattern which 
will decode e primary pattern when overlying or overlaid 
hy the prrmary pattern (depending on the nature of the 

aet^err"' r to d ~ criba — * — — *• 

e. appliad to a microetructure . Whan the secondary 
pattern is applied to form a diffraction grating 
^restructure as described in this specification, the 
secondary pattern consists of diffraction elements which 
correspond to the image elements which either effective^ 
drf fract light ("on" diffraction elements) or diffract 
light ineffectively ("off" diffraction elements) at a 
particular angle of observation. These diffraction 
elements are errayed in the pattern of the Secondary 
pattern which also corresponds to the Primary pattern 
employed to encode the latent image. The physical 
dimensions of the diffraction elements in the physical 
secondary pattern are, moreover, identical to those of the 
image elements of a Secondary pattern image which 

t0 *** Prlmary » ittm -**°red. The -on" and 

When ilx T° ti0n elene " S W '"^ iD ~* * «T that 
When illuminated with a light source, they contrast ^ge 
elements within the Primary oattem .•>,,,.. . "»ge 

™«ary pattern that reveal the latent 
image, or an ^ge related thereto. The optical 
variability of the device is achieved when the angle of 

ITL „°^r ed t0 " Pe0 " i0 ° £ -* ell 

of the .off diffraction element convert to -on" pixels 

and vice versa. To achieve the retired contrast it is 
specific angle of observation must diffract light, while 
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all^of the "off" p 1X elB do not diffract light at this 

The secondary pattern will typically he a regular array of 
"on" and n of£M a i£fraction ^ of 

track like diffraction grating regions; that is, a 

eaTl^ :V ertiCal of Effraction elements, 

each line being l diffraction element wide and separate! 
by identically wide vertical lines of -off" diffrac^n 
elements. Another typical secondary pattern may be a 
checkerboard of "on- and "off" diffraction elements. 

lont°T " rambled arrayS ttay ' -~ *• used, so 

long as the "on" diffraction elements in the secondary 
pattern are capable, when in correct register, of 
contrasting all of the image elements in the primary 
pattern which reveal the latent image and none of 
remaining pixels. 

the Sacondary pattern i. appli ed to . „i cr0 s t rueture 
it is also referred to in th. pr.eent deification a. the 
■background ov* ..ioro.tructur.. or th. -haccground cZ° 

oevi=r ntl ° n al8 ° eSttMda t0 * di »««ive authentication 
« well .e a toT lty Pr0dUOed ^ 

e. well ae to document, or inatrumento incorporating .uch 
an authentication device. "ting such 

in another broed aepect. the invention relate, to a 
directive auth.nticatio» device which generate, an 
optically variable i»,g. which varie. according to the 
angle of observation, the detractive authentication 
device comprising: 

a primary pattern which encodes a latent image, the 
Primary pattern having a plurality of image element;, and 

the * c P° nd±n9 8econda ^ which will decode 

the primary pattern to allow the latent image to be 
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observed when the primary and secondary patterns are in at 
least one registration, wherein the secondary pattern is 
provided by a diffraction grating microstructure having a 
plurality of each of at least two different types of 
diffraction elements, and 

wherein the primary pattern is provided such that the 
predetermined image elements of the primary pattern render- 
diffraction effects from predetermined diffraction 
elements of the diffraction grating microstructure 
optically ineffective at least at one observation angle 
when the authentication device is illuminated with a light 
source to thereby enable the latent image to be observed. 

As outlined above, a foil-based OVD, patterned in the 
arrangement of a MDI Secondary pattern, but using two 
types of diffraction grating rulings in place of a printed 
MDI pattern, can be masked by the corresponding MDI 
Primary pattern to generate an MDI latent image, for 
example, in the form of a unique, multi-coloured OVD 
effect. The resulting hybrid OVD-MDI, referred to here as 
an ID-OVD (or -VOID") , displays optically variable 
properties which are difficult to counterfeit, but is 
nevertheless easily customised because the Primary pattern 
can be readily printed and the OVD-based Secondary pattern 
can be mass produced in a generic form. 

Embodiments of the present invention therefore provide a 
more general and useful approach to the protection of 
portrait images on security documents by separating the 
optically variable and identification aspects of the 
portrait image in such way that the two aspects can be 
manufactured separately and recombined in an overlay 
manner. Certain embodiments of the present invention 
incorporates the OVD protection into a generic type of 
diffracting OVD foil which is hot-stamped onto a document 
to be protected and this foil is then overlaid either with 
a transparent film containing the encoded id information 

\\oalb_nieo\hOMO\jMelMcecp\8peel\MS7S4.doc T/O7/03 
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or printed in register with the ID information pattern. 
The combination of these two effects reveals the encoded 
portrait as a latent Image displaying OVD effects. This 
is the reverse process of the transparent overlay screen 
discussed in the introduction of this specification. 

in particular embodiments, the invention disclosed herein 
makes use of the low cost individual portrait generatina 
capabilities of the MDI technologies by convert ^ 
into a masking pattern which masks a specially designed 
background diffraction grating canvas in such a manner 
that a multiplicity of images is generated as the angle of 
view of the device is changed. 

The combination of an MDI type masking screen and the 

dlf Trills TV* attribUtS8 0f ' * "Penally designed 
diffractxve background canvas provides a low cost means 
for securing the images of individuals on a one-cff basis 
In the present case, securing the Wge of an individual 
means preventing the image from being changed by 
substitution, alteration or copying by photographic, 
printing or computer scanning techniques. 

ZT'^TZrl Preferred — * ^ich combine an 

MDI and an OVD feature have the advantage that the OVD 
feature is very difficult to counterfeit, but the MDI 

iTpart/ 8 ,"^ 1 ^ CU8t0ai2e ^ ° Vera11 ^ aerated, 
of aT^r Pr ° dUCia& the <™> action in the form 

modlf Z riT ^ Patt6ra ^ (or otherwise 

modifying) this with the corresponding MDI p rimary pattern 

prospectively allows the preparation of lowest 
personalized OVD' s. 

Further features of the Inventlou win becone appatent 
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Brief Descriptio n of the Drawings 

The preferred embodiments will be described with reference 
to the accompanying drawing in which: 

Figure 1 depicts a particular arrangement of the 
background OVD micrbstructure or secondary pattern; 

Figure 2 shows another arrangement of the background 
OVD microstructure or secondary pattern; 

Figure 3 shows an example of a Primary Pattern 
corresponding to a particular encoded data file for a 
particular ID application; 

Figure 4 shows the primary pattern of figure 3 added 
to the background OVD Microstructure (secondary pattern) 
corresponding to figure 2; 

Figure 5 shows the image generated by the overlaid 
primary and secondary pattern of figure 4 observed at a 
particular angle of view; 

Figure 6 shows the image generated by the overlaid ' 
primary and secondary patterns of figure 4 observed at 
another particular angle of view; 

Figure 7 shows an example of a primary pattern; 
Figure 8 shows the primary pattern of figure 7 added 
to the background OVD Microstructure (secondary pattern) 
corresponding to figure 1; 

Figure 9 shows the image generated by' the overlaid 
primary and secondary patterns of figure 8 observed at 
another particular angle of view; and 

Figure ao shows the image generated by the overlaid 
primary and secondary screens of figure 8 observed at a 
particular angle of view. 

Deacription of the Pr a £err B d ^bodimenta 

Preferred embodiments of the invention will initially be 
described in relation to the visual effects which can be 
produced by combining an MDI primary pattern with a 
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secondary pattern in the form of a diffraction gratino 
microstructure. Following this description is a 
description of son* possible techniques for constructing 
dif tractive authentication devices. 

Figure 1 is an illustrative example of a background OVD 
restructure (or secondary pattern) . m Figure 1, tbe 
Pixel areas having different shades represent two 
different types of diffraction grating microstructures. 
For convenience these shades will be referred to as red ' 
(the lighter shade) and blue (the darker shade) pixel 
areas. Typioal dimensions of the diffraction grating pixel 
areas would be 30 microns X 30 microns or 60 LcroJ Hi 
microns. For soma applications the dimensions of the 
Pixels may be smaller or larger than these figures 
depending on the image resolution required for the 
application. 



™m r 2 aa ° ther "cement of the background 

OVB microstructure or secondary pattern. In Figure 2 the 
red and blue strip or track areas represent two different 
types of diffraction grating microstructures. Typically 
the wxdth of the diffraction grating tracks wouS be 30 
microns or 60 microns. For some applications the width of 

fiLresT ^r^ 8 ^ ^ 8maller ° r « than ^ese 

figures depending on the image resolution required for the 

application. The length of the tracks is a function of the 
Wge area required for the application and may be 20 mm 
or longer. 

The choice of MDI secondary pattern will depend on the 
embodiment* 

Figure 3 shows a primary pattern of a first preferred 
embodiment into which an image has been encoded by 
modulation of the secondary pattern shown in figure 2. 
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The method of forming a modulated digital image (MDX) is 
that of a BINAGRAM. 



Xn a BINAGRAM, the primary pattern is typically from an 
original image. In an example where the original image is 
a photograph, this original image is then dithered into 
image elements which have one of a set of primary visual 
characteristics. The original elements are then paired 
typically with a neighbouring image element. In the 
example of a preferred embodiment, the image elements are 
paired such that when overlayed with the corresponding 
secondary pattern, one element In each pair will 
correspond to the red track and one will correspond to the 
blue track. The image elements are then transformed. In 
^typical transformation, one pixel in each pair will take 
the average value of the visual characteristics of the 
paxr and the other pixel is allocated a complementary hue. 

An alternative method of forming the primary pattern is to 
use a computer graphics program such as Adobe Photoshop to 
produce both positive tone and negative tone versions of 
the input image (e.g. a portrait) . The positive tone and 
negative tone images can then be combined into a primary 
pattern by,- firstly filtering the positive tone image with 
the -on" pixels of the secondary screen (that is removing 
all pixels from the positive tone image corresponding to 
the positions of the "off- pixels on the secondary . screen) 
and then converting the resultant filtered positive tone 
image to a bitmap version by using the dithering option 
within the computer graphics program; secondly applying 
the reverse procedure to the negative tone image by 
filtering the negative tone image with the "of f « pixels of 
the secondary pattern (that is removing all pixels from 
the negative tone image corresponding to the positions of 
the "on- pixels on the secondary screen) and then 
converting the resultant filtered negative tone image to a 
bitmap version by using the. dithering option within the 
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computer graphics prog™, and finally overlaying the 
filtered and dithered versions of both the negative tone 
and Positive ton. ^ to ohtain the resultant priory 
pattern version of the input portrait image. . 

* " "~o=dary pattern in figure a <„here the 
b^ack pixels have been rendered optically Ineffective 
(i.e. erased), the dark grey pixels indicate the original 
blue pixel, which have been retained, and the light grey 

carcl! 1 dePlCt " «W - observer at on. 

particular rang, of vicing angles (with the red OVD 

tracks -on" and th.r.for. displayed as white for clarity, 

a^ear U bl P ^: T " ^ 

appear black) . F ig„r. , Qepicte the 

" -»<=h.r particular range of vising angles 
(with the blue tracks -W and therefore displayed as 
white for clarity, the red pixels are -off- at Si. L , 
end therefore eppear black) . 

SZTJLH 6 " liable 

effect can be generated by printing techniques if the 

~ ia c ^ riaed ° £ - °™ 

(that is th! 9 r PB ^ di " rao "- ^tlng pixels 
(that is. the secondary pattern) . The OVD effect sho™, in 

ST. ITT ™»™"" " a °* a portrait Image 

!nhan a .r e tona to ne9ati ™ — - *- •* 



a ori«Tf P U ° lng ' °™ =anvas to convert 

a printed image into optically variable form can be 
extended to the case of two channel OVD image. 
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Figure 7 depicts a primary pattern consisting of an OVD- 
type two-channel image. In this case, the primary pattern 
ia a modulated form of the secondary pattern shown in 
figure 1 and encodes two separate latent images . 

A primary pattern corresponding to a two channel image can 

llZ p,TT ed USAng " COfflPUter SraphiCa P^ram such as 
Adobe Photoshop. Two input images can be combined into a 
primary pattern by, firstly filtering the fir8fc 
the -en- pixe i a of the secondary screen (that is removing 
all pixels from the first image corresponding to the 
positions of the -off- pi xe i s on the secondary screen) and 
then converting the resultant first image to a bitmap 
version by using the dithering option within the computer 
graphics program; secondly applying the reverse procedure 
to the second image by filtering the second image with the 

off- pxxels of the secondary pattern (that is removing 
all pixels from the second image corresponding to the 
posxtions of the ,.on» pixels on the secondary screen) and 
then converting the resultant filtered second image to a 
bitmap version by using the dithering option within the 
computer graphics program, and finally overlaying the 
filtered and dithered versions of both the first and 
second images to obtain the resultant two channel primary 
pattern corresponding to the two input images . 

Figure 8 illustrates a simple addition of figu re 7 and 
figure 1 (where the black pixels have been rendered 
optically ineffective (i.e. erased), the dark grey pixels 
indicate the original blue pixels which have been 
retained, and the light grey pi.els indicate the original 
red pixels which have been retained) . 

Figure 9 depicts the image seen by an observer at one 
particular range of viewing angles (with the red OVD 
Pixels »on» and therefore displayed as white for better 
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clarity; the blue pixels are "off" at t*«„ 
therefore appear black) . * Mffl- 

Figure 10 depicts the image seen bv an v, 

Particular range or v iewl ! g ^7^1^11 

"on- and therefor angAOS * wi «» the blue tracks 

**. ,£:'z zt?z.t: for bett - 

at tliis angle and therof« M 
appear black). tnerefore 
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aicroatructure consisting T prised of «, OV i> 

effect shown lB th ... "«>»dery pattern). The (m, 

one positive tL M £r t ^L~r~ *" 3 ^ *"» 

™ - Ce^r r^r w — 

Tbe examples shovm in figures 1 to in 

the invention a,^^ "f^*" 0 " "*" 

v.,«ic.tion £or ID :l Lr:r o£ identi ^ 

authentication of banknotes chel ! 

transaction ^ LT.^ or"" 1 

counterfeiting by printing, counter scaLI! - 
copying technique*. "canning, and colour 

A further embodiment, of the invention _ *. 
recognieing that the two ^TJZZT s "^"^ 

allows £or the possibility of encodi^TdaTa V"^ **°~ 
individual by M ' w ° ain9 aata ia 

— - two ^.Z'ZlTt^T; t 

Of a diffraction bar cede with the f ir j bar L ' 0rm 
eble to be read by a laaer at a first It 1 *° t ' Xrn 

the second and different bar coda Pat t eTread T 

^ Qrn r ©ad at a second 
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angle of view. The security and integrity of the data is 
ensured by a software 8 
two h.,. - °°»elation process Involving the 

two bar code components. Writing of the data is achieved 

bar "I ^ Pr ° 0a " inV ° lViB » interlacing of tne^wo 
iT^tl ~ a ( di " ra0tl0n — Aground L the orT 
of an interlacing of diffraction grating .tracks of two 
different groove periodicities. ° 

Selnd."^'" dM ° ribed «leo be extended to 

bleating the -^^.1^.^ "L 
second channel image is then constructed by using a 
counter graphics program to create a primarTpattern that 
can be individualised at the point of use of the ".vice 

r second* 9 : could bs tiM co - ^o/zznr^ 

the second channel image would be a portrait ™ 

of che^ r ^ ° £ *»• e=gl. of view 

iLt T Pa9S *" 0hM9ad thB .enerated by the 

conf ir.ng that the passport'^ ^1™^ 

"here the secondary pattern is e. shown in Pig„r, 2 . 
primary pattern may be produced according to eProcess 

sliced or fractured into a multiplicity of strips 1 
tracks, and every odd numbered track is removed ana then 
a semi-transparent version of the result is created bT 
binary dithering or sampling techniques and tk ^ 
sliced and binary dithered version r^Pos^T 

ge based on a negetive tone imege of the subject where 
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in this case every even numbered track of the negative . 

b^rT iS r6mOVed t0 all ° W thSSe areaS to be —Pied 
by the corresponding binary dithered tracks of the 

positive tone image of the subject. 

In a two- channel case, the primary nattam ma „ k 
a „„^ r „ . * -"nary pattern may be produced 

according to a process whereby a positive tone version of 

° ginal ±mage iS lectured into a 

multiplicity of strips or tracks, and every odd numbered 
track is removed, and then a semi-transparent version of 
the result is created by binary dithering or sampling 
techniques and the resultant sliced and binary dithered 
version of this first image is overlaid by a second slled 

c^oina ar L P08ltiVe t0ae baSed — 

original image. Wherein for the second original image 

rall^L 11 ^^ ^ ° f th±a aSCOnd ^ removed 

bin! IT" 3reaS t0 ^ ° CCUPied by thS corresponding 
bxnary dithered tracks of the first original image. 

^ addition to the BINAGRAM technique as described above, 

Tovl \ T fUrther detailS ^ ^ f °- d in Australian 
provisional patent application entitled "Method of 

ZlTT t Ima9S " filSd 4 JUne 2003 ' A ^er of 

iTZ^T^ ^ ^ <° — ~ ~iate 

The primary pattern may be produced according to the 
technxque, known as "SAM- or .. U - SA „.., as descrll}ed ±a ug 
patent number 5,374^976 and by Sybrand Spannenberg in 
2^/^ b °° k "° PtiCal °°<™ Purity, second 

London x IT RUd ° 1Ph L * ReneSSe ' Art - h House, 

London, 1998, pages 169-199), or according to the 

technique known as PHASEGRAM (Australian Provisional 

Patent entitled "Method of Encoding a Latent Image", 

Australian Provisional Patent number 2002952220 (23 Oct 
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In this technique, an image is encoded within a locally 
periodic pattern by eelectively modulating the periodicity 
of the pattern, when overlaid upon or overlaid with the 
original pattern on a transparent substrate, the latent 
image or various shades of its negative becomes visible to 
an observer depending on the exactness of the 
registration. 

The periodicity of the image is modulated by phase- 
shifting image elements to create an encoded image. That 
is, different displacements are applied to image elements 
depending upon a value of a visual characteristic (e.g. a 
grey-scale value or a hue) . A PHASEGRAM embodiment will 
typically utilise a secondary pattern where the micro- 
mirror elements are arrayed in columns of alternating 
types of diffraction elements N diffraction elements wide. 
This allows N + l visual characteristic values to be 
encoded. 

A latent image (the image which it is desired to be able 
to view) is formed by taking an original image and 
separating it into image elements which only take one of 
the set of allowable values of the visual characteristic. 
The latent image is then related to a preliminary primary 
pattern which has image elements corresponding to those of 
the secondary pattern. The image elements of the primary 
pattern are then displaced in accordance with their 
relationship with the value of. the visual characteristic 
of the latent image elements with which they are related 
to form a final primary pattern which encodes the latent 
image. 

Various different displacement schemes can be used. An 
example, is one where there are M shades or hues and image 
elements related to a first shade or hue are displaced by 
one image element (e.g. a distance corresponding to the 
width of a diffraction element), the second shade or hue 
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is displaced by two i^age elements etc. with the M th shad, 
or hue displaced by M lmage elements. * 

in a two-channel case, where the primary pattern is as 

according to a process whereby a positive tone version of 

pa i: ° r T al ^ 18 fraCtWed * checZbo^d 

pattern, and every alternate cell of the checkerboard 
(e.g. every."blac k n cell) ±s ^ ^ 

transparent version of the in.™ ^ , „ semi- 
binarv ditw, * remainder is created by 

binary dithering or sampling techniques and the resulteL 

izt* b : nary dithered ~« «* «jrp^r 

tone image is overlaid by a second checkerboard fractured 
binary dithered image based o« - ^ fractured 

tone image whereinlcr IT original positive 

fractured ^ZltllZ ce^T ^ ^ 1 ~ 
- second image is rL^ ^LTiT^Ti. 0 * 

::i c :r:: :lt c rr pondin9 bwy ---7:™; 

ceils of the first linage subject. 

A further alternative two-channel technique My involve 
encoding two soparat . ^ ld<mtloaX ^ 

observe 1 8U ° h ^ Whm by e human 

surface r aPPrOI>ri » te the ^ 

surface, a stereoscopic effect allows the observer to 
Perceive , three-dimensional image. ob «*v« <=° 

Thus a further inventive aspect is to create a »a. fc (e „ 

suonT " • aCOdeS «"» "-"-1 Cgee In 

such a manner that they are observable at offset 

observation angles when the mask overlav« „„ 

secondary pattern, such as the SZlZ Z^"'^ 

disclosed herein. P rns 

Persons skilled in the art will appreciate ^ 
different *- a ~u„4 -PPreciate that various 

fferent techniques may be used to produce authentication 
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devices in accordance with this method. For example, the 
diffraction grating microstructure or -background OVD 
microstructure'' can be formed either by electron beam 
lithography or laser interference fabrication technique. 
The microstructure will typically be formed on a thin 
aluminium foil. 

The primary pattern can then be combined with the 
secondary pattern - ie. the background diffraction 
microstructure in a number of different ways. For 
example, the primary pattern can be printed on an 
otherwise transparent polymer substrate which is overlayed 
and adhered to the foil. The transparent substrate being 
overlayed such that it is in appropriate registration with 
the background microstructure such that the latent image 
will be visible, at predetermined angles of observation. 

Alternatively, the primary pattern may be printed on top 
of the. background microstructure. For example, the image 
may be printed directly on top of the foil 
Alternatively, a photosensitive layer may be incorporated 
in the mass produced foil and irradiated to produce the 
appropriate primary pattern. 

In a still further embodiment, laser or other ablation of 
selected regions of the background microstructure may be 
used to render these regions optically ineffective. That 
is so these regions are non-dif fractive or greatly reduced 
in the intensity of the diffracted light. 

Persons skilled in the art will appreciate that there are 
other possible techniques for providing the primary 
pattern such as to render the background dif fractive 
microstructure optically ineffective in such locations as 
are required to encode the latent image. 
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It Is generally desirable that each track or strip have a 
width greater than 3 microns and that at least one strip 
or track is greater than 1 mm in length. 

Where a checkerboard pattern is used, it is desirable that 
each image element has an edge length greater than 3 
microns . 



The diffraction grating may be formed in accordance with 
any known technique however, it is generally desirable 
that within each diffraction grating region the grating 
grooves are modulated or varied in shape, spacing and/or 
curvature or slope. 

It is also generally desirable that the modulation of the 
diffraction grating grooves within each diffraction 
grating region is designed to maximise the diffraction 
efficiency of the first order diffracted beams from these 
regxons and further that the modulation of the diffraction 
grating grooves within each diffraction grating region is 
described in terms of groove patterns of fixed spatial 
frequency, but variable groove curvature or groove angle 
throughout each region. 

It is also preferred that the diffraction grating grooves 
within one group of diffraction grating regions is 
arranged to lie at right angles to the grooves of a second 
group of diffraction grating regions. 

Further variations will be apparent to persons skilled in 
the art. For example, the background micros tructure may 
also include optically variable effects that are generic 

ILTTI T n<>?l - 8peCific t0 th * P-aon, object or design 
that is being authenticated by the dif fractive 
authentication device. 
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The microstruoture of the device may aleo incorporate 
extremely email scale image, of sis. less than «„ microns 
in width, which can be used to provide a higher degree of 
authentication or security by means of microscopic 
examination of the microstructure ' 

ZZT," r" 6d *" ^ ^ Wi " that various 

modifications can be made to the present invention without 

departing from the scope of the invention. Tbese and 
other modifications win be apparent to those skilled in 
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